A consecutive series of 372 patients who underwent surgery for disorders of the rotator cuff involving arthroscopic subacromial decompression and open or arthroscopic repairs of the cuff were prospectively investigated as to the comparability of subjective and objective assessment scores of shoulder function. Assessments were made before operation and at 3, 6, 12, 18 and 24 months after surgery using the Disabilities of the Arm, Shoulder, and Hand score, the Oxford shoulder score and the Constant-Murley score, which was used as a reference. All scores were standardised to a scale of 0 to 100 for comparison. Statistical analysis compared the post-operative course and the mean score for the subjective Disabilities to the Arm, Shoulder and Hand score and Oxford shoulder score, with the objective Constant score at each interval. A strong correlation was evident between both subjective scores and the Constant score. We concluded that both the subjective scores would be useful substitutes for the Constant score, obviating the need for a trained investigator and the specialist equipment required to perform the Constant score.
In 1913, Codman et al 1 proposed the systematic analysis of outcomes of treatment to improve practice. Scoring systems have become widely used in orthopaedics to give a tangible measure of the outcome of a given procedure for an individual patient, as well as providing a common language for the comparison of different methods treatment, surgeons and operative centres. As a research tool, they have implications for the practice of evidencebased medicine. 2, 3 Outcome measures may be categorised as subjective or objective, depending on whether they are based on the perception of the patient or upon clinical assessment. Tools such as the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire 4 and the Oxford shoulder score 5 rely on the patient's assessment of their condition, whereas the Constant-Murley score 6 contains an objective assessment of function and strength as well as subjective elements. Frequently, objective scoring systems which reflect clinical and radiological assessment may be at variance with the subjective perceptions of the patient. 5 However, from our own experience, variations in cultural norms as well as attitudes to illness and disability lead to marked differences in the subjective interpretation of symptoms and their significance.
Objective measures may be difficult to perform, especially with limited personnel.
However, it would be valuable for all surgeons to have the facility to measure treatment outcomes. Simpler tools would enable this.
The aim of this study was to evaluate the comparability of two subjective patient-based scoring tools with a single system which combined both objective and subjective assessments. The objective scoring tool is the Constant score, which is composed of an objective assessment of the range of movement and power, together with subjective questions pertaining to pain and activities of daily living. The subjective scoring tools are the DASH questionnaire and the Oxford shoulder score. For the purpose of this study, the Constant score is referred to as the objective scoring tool. The comparisons drawn are made in the context of surgery for pathology of the rotator cuff.
Patients and Methods
We performed a prospective cohort study on all patients undergoing surgery for disorders of the rotator cuff between January 2003 and July 2007, with prospective follow-up. This involved 372 consecutive patients (205 women, 167 men). They were was further subclassified into the following groups: subacromial decompression without rotator cuff repair in 248 patients (67%) and all repairs of the rotator cuff in 124 patients (33%). The latter group was further divided into the 93 patients for whom arthroscopic repair was performed and 31 who required an open repair. Open surgery was reserved for those patients whose defect in the rotator cuff exceeded 30 mm (Table I) . The repair was performed using bioabsorbable anchors and non-absorbable sutures, regardless of the approach employed. In some patients requiring open repair, side-toside margin convergence of the tear was necessary. This was achieved with Ethibond mattress sutures prior to reanchoring the cuff to its footprint using anchors. Scoring systems. The patients were assessed before operation and at 3, 6, 12, 18 and 24 months after operation using the DASH questionnaire, the Oxford shoulder score and the Constant score. Clinical fellows (RA, TC-S, MG, MI) made all the measurements in each patient using a standardised method. The European Society for Shoulder and Elbow Surgery recommendations for the assessment of range of movement in the Constant score were adopted. 7 These require the patient to be sitting on a chair or bed, with the weight evenly distributed between the ischial tuberosities. Active movements of the shoulder are performed until pain develops.
Strength was measured by a Nottingham Mecmesin Myometer (Arthocare UK Ltd, North Yorkshire, United Kingdom) with the patient standing, the arm elevated to 90° in the scapular plane and the forearm pronated. The strap of the myometer was placed over the dorsal aspect of the distal forearm. The maximum pull was measured five times and the mean determined.
The Constant score allocates a maximum of 15 points and 20 points to the subjective measures of pain and disability, respectively, and a maximum of 40 points and 25 points to the objective assessment of range of movement and power, respectively. The total score is between 0 and 100, where 0 reflects great disability and 100 a normal shoulder. 6 The DASH 4 is a 30-item questionnaire about the disability and symptoms that occurred in the previous week. It measures the difficulty of performing various activities, the severity of symptoms, including pain, weakness, and stiffness, as well as the impact of the pathology on work, sleep and social activities. Each question has five possible responses, and an equation converts the total score into a value on the 0 to 100 scale, within which 0 represents a normal shoulder and 100 a shoulder with the maximum disability.
The Oxford shoulder score 5 uses 12 questions, each with five potential answers, covering pain and functional disability, and yielding a score ranging between 12 and 60, where 12 would be the score obtained with a normal shoulder. Standardisation technique. In view of the different scales used with each score, all were converted into a scale of 0 to 100, where 100 is representative of a normal shoulder. The standardised scores for each of the respective scoring systems were calculated using the following conversions:
Constant: x = y DASH: x = 100 -y Oxford: x = 100 -(((y-12)/48) × 100) where x = 'corrected' score and y = original score obtained. Outcome measures. The outcome measures assessed were the standardised scores at each time for each of the subgroups using the scoring systems described (DASH, Oxford and Constant). The post-operative course was assessed by comparing the mean scores obtained at each interval. Statistics. Paired Student's t-tests at the 5% level were used to individually compare the scores obtained with either subjective tool at each interval with the score obtained from the objective tool at the same time. For each point of follow-up, statistical differences were sought between the DASH questionnaire and the Constant score, and between the Oxford and the Constant scores. The purpose of this analysis was to assess whether the DASH or the Oxford scoring systems were producing scores that were systematically significantly different from those from the Constant score. These calculations were applied to the entire dataset collectively, as well as to each individual type of surgery detailed previously. Paired t-tests were chosen as it was assumed that the mean of the differences in the pairs would follow a normal distribution. Repeated analysis of variance (ANOVA) testing at the 5% level was also performed with the patients grouped in the same surgery subtypes, with the testing repeated at each interval to establish whether there was a statistical difference between scores obtained using the different outcome measures. The level of significance was set at p = 0.05.
Lin's concordance correlation coefficients 8 were calculated to analyse the comparability of the post-operative course as measured with each subjective tool against that measured with the objective score. The maximum value of Lin's coefficient is one that represents perfect agreement, whereas values below 
Results
The differences between the mean standardised Constant score and mean standardised DASH questionnaire did not reach statistical significance (p > 0.05) at any interval regardless of the intervention studied (Tables II and III) . However, comparison of the mean standardised Oxford shoulder and mean standardised Constant scores, with the exception of those managed by open rotator cuff repair, revealed a statistically significant difference for at least one interval in each treatment group (Table II) . However, 23 of the intervals, when scoring was undertaken, did not demonstrate significant differences between the mean Constant and mean Oxford scores. Insufficient data were available at two intervals (Table II) . Repeated ANOVA testing also demonstrated significant differences for at least one interval in each treatment group studied, apart from those in the open repair group (Table II and III) .
Post-operative course.
A strong correlation was demonstrable using Lin's concordance correlation coefficients between the Constant and both the DASH score (0.77 to 0.95) and the Oxford shoulder score (0.72 to 0.93) when following the longitudinal course of each of the treatment groups (Tables IV and V) , although a degree of variability was noted with the BSRC analysis (Table III) . The analysis of the post-operative course of all operations grouped together showed that up to 18 months a considerable agreement exists between the mean standardised Constant and DASH scores, whereas the mean standardised Oxford shoulder score followed a course which was marginally separated (Fig. 1) . Beyond 18 months, the Constant and Oxford scores matched one another, whereas the DASH produced lower scores. However, it should be noted that the statistical analysis of the pre-operative mean standardised values of this group by both ANOVA and t-test did demonstrate a statistically significant difference between the scoring systems used at that interval (ANOVA, p = 0.01 t-test Constant versus Oxford, p = 0.01) and hence it is less easy to appreciate the change from the pre-to the post-operative scores from the mean scores alone.
When the subgroup which underwent subacromial decompression without repair of the cuff was studied, the relationship between the three scoring systems was more variable. However, correlations remain high (Fig. 2) .
In those patients who underwent repair of the cuff either as an open procedure or arthroscopically, a close relationship is seen between the DASH and Constant scores. The Oxford questionnaire yields higher scores suggestive of better shoulder function, but despite this, correlations remain high (Fig. 3) . This pattern is repeated when considering arthroscopic repair (Fig. 4) , and is exaggerated when assessing open repair (Fig. 5) . Indeed, although correlation remains good between the Constant and DASH scores, the association between the Oxford and Constant scores is marginally reduced.
The mean of the difference between the Constant and the subjective score (i.e. Constant against DASH and Constant against Oxford) at each interval in the all operations group was calculated (Fig. 6) . The Oxford score was seen to be more positive than the Constant, whereas the Constant was more positive than the DASH. Both subjective assessment tools had similar trends in the post-operative course when compared with the Constant scores, except at six and 24 months, although no significant difference was present at any interval when individual t-testing was performed between each of the subjective and the Constant scores (p > 0.05).
Discussion
The DASH questionnaire and the Constant score returned very similar results over the period of follow-up, regardless of the type of surgery considered. This is reflected by both the absolute values at a given stage, and also the Lin's concordance correlation coefficient returned between the rates of recovery, as determined by each of these outcome measures. The relationship between the Oxford shoulder and the Constant scores was also very good, but some variation was noted.
However, it is important to note that the interpretation of the correlation coefficients depends to a degree upon the range of values of the variable being assessed, and this will tend to change as the sample size increases. With protracted follow-up, there is often a degree of loss to follow-up which has a potential negative impact on both the ability to compare the correlations of outcome measures in the populations studied and on the power of the result. Subgroup analysis increases the risk of erroneous results through the influence of individual, atypical patients. In such circumstances, outliers can lead to large skews of data trends. Our study was affected by changes in the sample size, statistically assessed both within the surgical subgroups and at the intervals studied.
The correlation between scoring tools was assessed once follow-up had been limited to either 18 months or one year. Analysis demonstrated the correlation to have improved for both DASH and Oxford scores when all operations were considered. However, correlations in the 'all-cuff repairs' and 'arthroscopic cuff repair' groups demonstrated a tendency to deteriorate when the period of follow-up analysed was reduced. A less obvious trend of change in the correlation coefficients was evident when a reduced period of follow-up was considered in the open repair group. Here an improvement in correlation between the DASH and the Constant scores was evident, whereas a deterioration was found between the Oxford and Constant scores. Despite these observations, the overall correlations remained good for all operations.
Although the Constant score remains a valuable outcome measure, criticisms have been levelled at its use by several groups, particularly regarding the accuracy of the strength assessment. The capacity to lift a 25 lb mass with the shoulder abducted to 90° is reduced in some individuals without any disorder of the shoulder, most notably in the elderly and in women. 3, 9, 10 The difficulty with the assessment of power was also commented on by Othman and Taylor 11 in a study of patients following manipulation under anaesthesia for adhesive capsulitis. In their study a greater correlation was found between the Oxford and Constant scores by omitting the power assessment in what had been termed previously an abbreviated Constant score, 12 or by assessing power with the myometer strap positioned over the mid-humerus as opposed to the distal forearm. Studies of healthy shoulders have highlighted the need for normalisation of data for age and gender through the creation of reference tables and the calculation of a 'relative Constant score'. 9, 10 In our study an 'individual relative Constant score' was used. This previously validated method 13 allows the contralateral shoulder to act as a comparator, leading to the calculation of a relative strength component, thereby avoiding these recognised difficulties with the Constant score.
Dawson et al 14 highlighted the difficulty of assessing the long-term outcome of shoulder surgery, citing three key problems: the cost of additional clinics; the reluctance of patients to attend for assessment a long time after surgery, and a lack of appropriate means of assessing outcome. In a study in which outcome measures of shoulder surgery were compared, they noted that patient-based tools better reflected a patient's own perception of their quality of life after surgery than did clinical tools; an observation which has been supported elsewhere. 15 Dawson et al 14 also noted correlations between the Oxford shoulder score and the Constant score to be high at each stage of their study (r > 0.5). In this study, using our statistical analysis, we demonstrated that both the DASH and the Constant scores as well as the Oxford and Constant scores are similar in assessing post-operative outcome.
Previously the DASH questionnaire has been shown to be sufficiently sensitive to differentiate between large and small changes in disability following subacromial decompression. 16 It remains valid as an outcome measure when translated into other languages, 17 and can be abbreviated to an 11-question format called the 'QuickDASH' while maintaining its precision. 18 In conclusion, our results indicate that both the subjective scores analysed and the Constant score provided good indicators of post-operative outcome for disorders of the rotator cuff. It can be seen that the sole use of either the DASH questionnaire or the Oxford shoulder score for follow-up of surgery to the cuff is possible, as both are effective scoring tools. We suggest that either of the subjective scoring systems would be useful substitutes for the Constant score. This obviates the need for a trained investigator and specialist equipment required to perform the Constant score, and also facilitates telephone or postal follow-up.
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